Spatial dynamics and frequency of interaction between mating individuals are difficult to observe in the wild, and linking behavioral and genetic mating systems is particularly challenging for nocturnal or otherwise cryptic mammals. We monitored 29 (11 male and 18 female) adult raccoons in northeastern Illinois to gain a better understanding of how individuals interacted with one another during the mating season (December-March) of 2005. Adults were monitored with proximity-detecting radiocollars to determine the amount of spatial overlap and rate of contact among members of the local population, including those parent pairs that had mated successfully. We identified successful matings by conducting parentage analyses on 43 juveniles using 15 highly variable microsatellite loci. We were unable to identify parents for 25 of 43 juveniles, which greatly reduced our ability to assess the raccoon mating system. However, we present novel data on contact rates and den-sharing incidents between known parental pairs. We found that 3 of 4 parent pairs shared .35% of their daytime resting areas and .26% of their core resting areas. Contact rates of parent pairs varied, ranging from 0.1 to 0.9 contacts/day. Parent pairs were not observed to share dens during the mating season. However, among the remainder of the adult population, we found a sharp increase in instances of den sharing between unrelated adults that coincided with the peak of the mating season. Finally, male coalitions were not successful at sequestering breeding access to reproductive females; only 38.8% of juveniles were sired by males known to live in groups.
Recent advances in molecular technology have resulted in a greater understanding of the social structures of a wide variety of mammalian species. Purely observational data have often led to false conclusions about social associations and mating behavior in species that are nocturnal, cryptic, or otherwise difficult to study (Hughes 1998) . Observational data regarding who mates with whom are so routinely misleading that monogamy is now specified as either social, genetic, or both. Many studies involving species previously described as monogamous or polygynous have found high rates of extrapair paternity (Amos et al. 1995; Bryja and Stopka 2005; Goossens et al. 1998; Kitchen et al. 2006) , leading to the realization that genetic promiscuity may be more common than previously thought.
Members of Carnivora demonstrate a wide variety of mating tactics ranging from obligate monogamy to promiscuity (Clutton-Brock 1989) . Often, these mating systems are inferred from spatial relationships during the breeding season (Ralls et al. 2001; Strand et al. 2000) . For example, when the territory of a lone male overlaps with several females a system of polygyny is presumed. When multiple mates are available, as in populations of high density, genetic promiscuity can occur (Iossa et al. 2009; Say et al. 1999) . Where high densities occur and males compete for access to females, male coalitions with breeding dominance hierarchies can form as a way to reduce conflict, but reproductive success among coresident males varies from equitable to highly skewed (Packer et al. 1991) . Thus, in species in which males live in social groups or coalitions, it is critical to understand how spatiosocial interactions translate into reproductive success.
Raccoons (Procyon lotor) provide an interesting opportunity to explore relationships between spatial associations and genetic patterns of parentage because of the reported variation w w w . m a m m a l o g y . o r g in their mating systems. As nocturnal and semiarboreal mammals, raccoons are difficult to observe, and consequently their social and mating behavior remains poorly understood. At low densities raccoons are thought to be polygynous (Fritzell 1978) , but at higher densities the animals appear to switch between polygyny and promiscuity (Gehrt and Fritzell 1999; Roy Nielsen and Nielsen 2007) . Additionally, male raccoons are solitary or live in social groups of 2-5 male members (Gehrt and Fox 2004; Gehrt and Fritzell 1998; Pitt et al. 2008) and are believed to form breeding hierarchies within these groups (Gehrt and Fritzell 1999) . These groups maintain relatively exclusive territories, and group members regularly den and travel together throughout most of the year (Gehrt and Fritzell 1998; Gehrt et al. 2008) . However, these descriptions of raccoon mating systems have been based solely on either spatial interactions and behavioral data (Fritzell 1978; Gehrt and Fritzell 1999) or genetic data (Roy Nielsen and Nielsen 2007) ; to date, no study has combined spatial and genetic information to characterize the mating system of this species, including the role of male social groups in patterns of reproductive success.
As a 1st step toward determining the genetic mating system of raccoons, we examined spatial associations between known parents of juveniles. Specifically, we used data on daytime resting locations, denning behavior, and male-female contact rates to address 3 aspects of the mating system of this species. First, we examined the prevalence of multiple paternity within a high-density urban raccoon population. Because exclusive access to females is expected to decrease at high densities and females may have the opportunity to mate multiply, we predicted that multiple paternity of litters should be common at our study site. Second, we described the spatial associations (proximity, contact rates, and incidents of den sharing) between known reproductive partners, as determined from genetic analyses of parentage. Because of the high density of our study population, we expected a wide variation in recorded associations. Finally, we examined relationships between coalition membership and reproductive success. If male coalitions form to secure mating access to females, we predicted that females should not mate with members of different coalitions. In addition to generating new insights into the mating system of our study species, our findings suggest that in raccoons spatial relationships among adults do not provide consistent predictors of genetic parentage.
MATERIALS AND METHODS
Study area.-We collected spatial and behavioral data during the mating season (December-February) of 2005. We conducted fieldwork in the Ned Brown Forest Preserve in northeastern Illinois (42u01955.050N, 88u00900.620W, Cook County). The 1,499-ha preserve is surrounded by suburban development and is located approximately 30 km northwest of Chicago. The preserve consists of 51% woodlands, 19% wetlands (including open water), 18% tall grasses, and 12% mowed lawns, picnic shelters, and roads (Prange et al. 2003) . Dwyer et al. (1985) estimated that more than 1.5 million people visit the park annually, and at least as many visitors attended the park during our fieldwork (C. Anchor, Forest Preserve District of Cook County, pers. comm.). The preserve is used by visitors primarily for picnicking; uncovered garbage receptacles give raccoons easy access to refuse for the 8 months of the year (April-November) that the preserve is open to the public, leading to high population densities within the reserve (75 raccoons/km 2 - Prange et al. 2003) . Trapping and capture.-A 20-ha section of the preserve was designated as the core trapping area. We attempted to capture and radiocollar all adult raccoon residents that used this area. Thirty-two box traps (81.3 3 25.4 3 30.5 cm; Tomahawk Live Trap Co., Tomahawk, Wisconsin) were set in places thought to maximize raccoon capture success (e.g., along creeks and near snags). We placed traps baited with commercial cat food within the core trapping area during May 2004. Traps were left open throughout the day for 4 weeks and were checked daily between 0700 and 1200 h. During the last week 12 additional traps were placed outside the periphery of the core area to increase the probability that all resident animals had been captured.
All unmarked raccoons captured were immobilized with an intramuscular injection of Telazol (Fort Dodge Laboratories, Fort Dodge, Iowa) following Gehrt et al. (2001) . Immobilized raccoons were sexed, weighed, and marked with 2 individually numbered ear tags (Monel #3; National Band and Tag Company, Newport, Kentucky). Adults were distinguished from juveniles by reproductive condition (e.g., lactation-Sanderson and Nalbandov 1973) and patterns of tooth eruption and wear (Grau et al. 1970) . Each age class encompassed approximately 14-28 months (class I: 0-14 months of age, class II: 15-38 months, class III: 39-57 months, class IV: 58-86 months, class V: .86 months); with the exception of class I, these age categories did not allow us to determine the year of birth (Grau et al. 1970) . We used a similar protocol to periodically recapture raccoons to download data from their radiocollars (see below) through July 2006. Previously marked individuals were released without handling. All capture and handling procedures were approved by The Ohio State University Animal Care and Use Committee (IACUC 2003R0062) and were in accordance with guidelines established by the American Society of Mammalogists (Gannon et al. 2007 ).
Genetic analyses.-We attempted to collect blood samples (.1 ml) from all adults captured between summer 2004 and fall 2005 and all juveniles captured during fall 2005. Samples were centrifuged to remove serum, and the remaining blood clot was frozen (280uC) until DNA could be extracted at Brookfield Zoo (Brookfield, Illinois). DNA was extracted using standard phenol-chloroform techniques (Sambrook et al. 1989) . Each individual was genotyped at 15 highly variable microsatellite loci. One locus (G10X) was obtained from black bears (Ursus americanus- Paetkau et al. 1995) . Two loci (PFL9 and PFL11- Kays et al. 2000) were cloned from kinkajous (Potos flavus). G10X and PFL9 were optimized by R. Van Den Bussche (Oklahoma State University, pers. comm.) for use in raccoons. The remaining 12 primers were developed specifically for use in raccoons (P140 and P161 [R. Van Den Bussche, pers. comm.] , and PLO-M2, PLO-M3, PLO2-M14, PL0-M15, PLO-M17, PLO-M20, PLO3-71, PLO2-117, PLO3-86, and PLO2-123 [Cullingham et al. 2006] ).
Polymerase chain reactions had a total volume of 12.5 ml consisting of 1.25 ml of 10% 10X buffer (Go-Taq, Promega Corp., Madison, Wisconsin), 0.5 units of Taq (Flexi-go), 0.2 mM deoxynucleoside triphosphates, 8 pmol of primer, and 30-50 ng of DNA. MgCl 2 was adjusted to optimize reactions, with concentrations ranging from 1.6 to 2.4 mM. All forward primers were fluorescently labeled with Well-Red fluorescent tags D3 or D4 (Beckman-Coulter, Inc., Fullerton, California). Polymerase chain reaction products were screened using a Beckman-Coulter CEQ 8000XL automated capillary genotyping system (Beckman-Coulter, Inc.), and allele sizes were determined using Genetic Analysis System Software, version 8.0 (Beckman-Coulter, Inc.). Individual genotypes were based on allele fragment sizes estimated by running a known-size standard (400 kb ladder; Promega Corp.) with each sample. Fragment sizes were further verified by graphing values to ensure that bin sizes correlated with the known repeat pattern for each locus. Genotyping accuracy was confirmed using 2 known mother-offspring dyads from a separate study within the Chicago metropolitan area and by rerunning 14% of our samples as positive controls.
Number of alleles and allele frequencies for each locus were calculated using the Microsatellite toolkit (Park 2001) . The program MICRO-CHECKER screened data for evidence of scoring errors, large allele drop out, and null alleles (Van Oosterhout et al. 2004) . Linkage disequilibrium and deviations from Hardy-Weinberg equilibrium were assessed using GENEPOP version 3.4 (Raymond and Rousset 1995) and CERVUS version 3.0 (Marshall et al. 1998) . Coefficients of relatedness (r) were calculated using a log-likelihood ratio generated by the program Kinship 1.2 (Queller and Goodnight 1999) . Values of r range from 21 to 1, with parents and offspring having an expected r of 0.5 (http://www.gsoftnet.us/ GSoft.html). By analyzing data from the 2 known motheroffspring dyads genotyped we were able to determine if observed values of r varied substantially from expected values.
Parentage assignment analyses.-Parentage analyses were conducted using CERVUS 3.0 (Marshall et al. 1998) . CERVUS assigns parentage based on likelihood that the proposed parent is the true parent over the probability that the proposed parent is not the true parent. This method allows for mutations and genotyping errors, which can be common when using a large number of loci, such as in this study. Analyses were run with the relaxed assumption that the proportion of candidate parents sampled was 72%. This estimate was based on capture records, observations of uncollared adults, and the small size of the study area. We used 10,000 simulations with assignment at strict (95%) and relaxed (80%) confidence levels. For the final assignments we ran a paired-parent analysis with known sexes to obtain the final paternal results. When the study began we believed that most, if not all, of the adult raccoons in the core area had been captured. However, this assumption became less realistic over time as juveniles matured into adults, resident individuals died, and new adults immigrated. When new adults were captured in the study area following the initial trapping period these animals-6 males (M) and 8 females (F)-were ear-tagged and sampled for genetic analysis as described above. To increase the chances that parentage would be assigned for all juveniles we genotyped these additional 14 adults and included them in the parentage analyses.
Spatial distribution.-All adults captured in summer 2004 were fitted with proximity-detecting collars (SirTrack Ltd., Havelock North, New Zealand) equipped with very-highfrequency transmitters for traditional radiotelemetry. Detailed radiotelemetry protocols are provided elsewhere (Hauver 2008) . For this study we focused on obtaining spatial locations for adult raccoons during the mating season (December 2004 -February 2005 . However, raccoons in our study population typically reduced their activity during winter (Prange et al. 2004) , and thus we were unable to collect enough active locations to create standard home-range estimates. Therefore, we analyzed patterns of space use for all raccoons with .15 diurnal resting locations during the mating season. Fixed-kernel analyses of daytime resting areas (95% contours) and core resting areas (50% contours) were created from these data using the Animal Movements extension in ArcView GIS 3.3 (Hooge and Eichenlaub 1997) . Pairwise estimates of spatial overlap were calculated using Neil's Utility extension in ArcView GIS 3.3, with the coefficient of overlap calculated as 2(overlap area 1,2 )/(area 1 + area 2 ), where area 1 and area 2 represent the sizes of the resting areas for animal 1 and animal 2. We used t-tests to determine if size of home range varied based on sex, and analyses of variance (ANOVAs) were used to discern if the coefficient of overlap varied between dyad types (StatView 5.0.1-SAS Institute Inc., Cary, North Carolina).
Contacts.-Proximity-detecting collars were also equipped with an ultra-high-frequency emitter and receiver, which recorded contacts among individuals. A contact was recorded whenever 2 or more individuals came within 1.5 m of each other and continued to be recorded until individuals were separated for 45 s. Collars recorded date and time that contact was initiated, duration (s) of the contact, and identification number of the other collar. Data were stored in the collar's internal memory until they were downloaded to a portable computer; this procedure was attempted at least every 3 months. Each proximity-detecting collar was capable of simultaneously recording contacts with up to 8 others at any given time. For a more detailed description of the proximity detectors see Prange et al. (2006) .
In most cases we downloaded data from collars worn by both members of a raccoon pair (dyad), which provided 2 records of the same set of contacts. Because of slight variation in detection sensitivities between collars (Prange et al. 2006 ), however, these 2 records were not always equivalent. Therefore, we randomly selected 1 member of a dyad to provide contact data for dyads for which both members had complete data. Due to collar malfunctions, full memory banks, and our inability to recapture some individuals, not all data sets were complete. For dyads for which we had partial data for 1 or both members or for which data were lacking for 1 member we used the most complete data set to represent contact information. Because of the likelihood that 1-s contacts may occur spuriously or represent contacts beyond the preset contact distance (Prange et al. 2006) , we excluded these contacts. We standardized contact data by calculating the number of contacts/day (frequency) and total duration of contacts/day (duration) for each dyad.
Contact rates between animals identified as reproductive partners (i.e., parents of a juvenile) were compared to those for other MF dyads. Because of the small number of parental pairs identified (n 5 4), these comparisons were descriptive rather than statistical. For each parental pair identified we documented contact rate and instances of den sharing between these individuals. Additionally, for each member of a parental pair we used ANOVAs to compare contact rates for all possible mates (all animals fitted with functioning radiocollars) we were able to monitor to those for the successful mate.
Den sharing.-Instances of den sharing during the mating season were indicated by diurnal contacts lasting for .4 h. Raccoons may mate with individuals that are up to 3rd-order relatives (r 5 0.125-Roy Nielsen and Nielsen 2007). To determine if den sharing was influenced by relatedness we divided den-sharing incidents into those characterized by high relatedness (1st-or 2nd-order) versus those characterized by low relatedness (.3rd-order). We then used z-test for proportions to determine if the frequency of den sharing by related MF dyads differed from that for unrelated MF dyads (StatView 5.0.1). By subtracting the average gestation time (63 days-Gehrt and Fritzell 1999) from the mean parturition date of 17 April (Hauver et al. 2010) we determined that the peak of the mating season occurred between early and midFebruary. From this information we determined if the frequency of den sharing changed over the course of the mating season. Finally, we examined the relationship between parentage and den sharing.
Paternity and group membership.-We defined male social groups based on spatial overlap and evidence of social bonds (Gehrt and Fritzell 1998; Pitt et al. 2008) . We used patterns of contact to identify social dynamics within spatial groups. Specifically, we compared observed with expected (random) rates based on the Poisson distribution using a chi-square test (Prange et al. 2006) . We interpreted observed rates that were significantly greater than expected (P , 0.05) as evidence for social bonds. We defined den sharing as contacts lasting longer than 4 h during the diurnal period and used the occurrence of this behavior as an additional measure of association between males. Because of small sample sizes we were unable to assess the impact of group membership on paternity statistically.
RESULTS
Trapping and capture.-Fifty-two raccoons were captured during the initial (May 2004) trapping period; 42 (20 males and 22 females) were identified as adults and were fitted with proximity-detecting collars. The majority of these captures were made within the first 2 weeks of trapping; only 3 individuals were captured during the 3rd week when traps were added outside the periphery of the core trapping area. No unmarked individuals were captured during the 4th (final) week of trapping. These data, coupled with opportunistic observations of animals during nightly telemetry sessions, suggested that most, if not all, adults residing within the core were radiocollared by the end of the initial trapping session. The number of adults captured (minimum known alive) during the initial trapping session yielded an estimated local density of 210 raccoons/km 2 . Genetic analysis.-Blood samples were collected from all but 1 of the 42 adults captured in May 2004-including the 14 additional, nonradiocollared adults captured after summer 2004-to yield blood samples from a total of 56 adults. Blood samples also were collected from all juveniles (n 5 43) captured during fall 2005. All individuals were successfully genotyped at all 15 loci. The mean (6 SD) number of alleles per locus was 12.6 6 5.5 (range 4-24), mean expected heterozygosity was 0.79 6 0.14 (range 0.45-0.90), and the mean polymorphic information content was 0.768 6 0.150 (range 0.349-0.894; Table 1 ). No evidence of scoring errors, large allele drop out, or null alleles was found. We observed significant linkage disequilibrium in 3 of 105 loci combinations when juveniles and adults were analyzed together. When we excluded juveniles from genetic analysis we found that 6 new loci combinations were significantly linked, but none of the previous 3 loci were in linkage disequilibrium. Because none of the loci were identified consistently to be in linkage disequilibrium, we believe these to be spurious results and continued with all 15 loci in our analyses.
One locus deviated significantly from Hardy-Weinberg equilibrium after Bonferroni correction was applied (Table 1) . However, no deviation from Hardy-Weinberg equilibrium or linkage disequilibrium was found in 2 previous studies (Cullingham et al. 2006 ; Roy Nielsen and Nielsen 2007) that used the same loci. Both studies were conducted in areas . 125 times the size of our trapping area, with nearly double the sample size. Our study population was small. As a result, nonrandom mating, inbreeding, or both may occur, which would lead to deviation from Hardy-Weinberg equilibrium. Because departure from Hardy-Weinberg equilibrium was detected at only 1 locus and therefore was unlikely to alter our parentage analyses substantially, and because we wanted to maximize the power of our parentage assignments, we proceeded with all 15 loci in our analyses. With all loci included in our analysis, the 2 known mother-offspring dyads examined in this study produced r-values similar to 0.5 (0.47 and 0.54) and were assigned accurately by CERVUS.
Parentage analyses.-We were unable to identify either parent for 25 (58.1%) of 43 juveniles sampled. In 7 other instances CERVUS identified only 1 parent, with the other parent apparently never having been captured. Of the 43 juveniles sampled 18 (41.8%) were assigned at least 1 parent with 80% confidence. These 18 juveniles were assigned to 10 unique mothers (8 radiocollared females, 4 with functioning collars during the winter), and 12 were assigned to 7 unique fathers (4 radiocollared, all of which were functioning during winter). No parent was identified for any of the remaining 25 juveniles at 80% confidence. Relatedness between radiocollared parents was low, with mean r 5 20.027 6 0.086 (n 5 10 parent pairs; range 20.132-0.072). For 6 of the 10 females identified by CERVUS, 2 offspring were assigned to the same mother; 5 (83.3%) of these littermates were sired by more than 1 male. Most fathers (n 5 5) sired 1 offspring, but 2 males sired 2 offspring, and 1 male sired 4 offspring. Two of 3 males that were assigned more than 1 offspring mated with more than 1 female.
Spatial distribution.-Twelve males and 15 females were fitted with proximity-detecting collars whose very-high-frequency transmitters were working during winter. Mean (6 SD) daytime resting areas (22.8 6 11.6 ha) and core resting areas (4.1 6 2.5 ha) for males were not significantly larger than those for females (17.6 6 13.1 ha and 3.1 6 2.6 ha, respectivelydaytime resting area: t 26 5 1.09, P 5 0.28; core resting area: t 26 5 0.0.93, P 5 0.36). Overlap comparisons were possible for 378 unique dyads (66 MM, 192 MF, and 120 FF) . For both daytime resting area and core resting area coefficients of overlap were generally low within each dyad type (Fig. 1) . However, group-living males had significantly greater overlap than other dyad types (daytime resting area: F 3,374 5 18.67, P 5 0.00; core resting area: F 3,374 5 6.597, P 5 0.00).
Of the 18 juveniles assigned at least 1 parent, 5 were assigned to parents both equipped with functioning radiocollars. However, only 4 of these offspring provided us with unique parent pairs that allowed us to assess the extent of resting-area overlap between known reproductive partners (Table 2) . These 4 offspring were assigned to 3 unique mothers and 3 unique fathers, with 1 case of multiple paternity. Two males were not assigned multiple paternity; both of these males shared .50% of their core resting areas with the mothers of the offspring. In the 1 case of multiple paternity, however, the father shared 0% and 30% of his core resting area with the 2 females with which he was known to have mated.
Contacts and parentage.-Mean (6 SD) contact rate was greater for MM (3.4 6 9.9 contacts/day) and MF (1.3 6 3.3 contacts/day) than FF (0.4 6 1.3 contacts/day) dyads during winter (F 2,245 5 4.06, P 5 0.018). Maximum duration of contacts was 545.0 min/day for MM (n 5 66), 250.2 min/day for MF (n 5 192), and 81.9 min/day for FF (n 5 120) dyads during the winter/mating season. Mean (6 SD) contact duration per day was 31.7 (95.8) min/day for MM, 3.5 (13.9) min/day for FF, and 13.2 (38.1) min/day for MF dyads. Two of the 3 females for which contact rates could be determined were associated with their reproductive partners more than with most of the other males available for comparison (Table 3 ). This pattern was not evident for monitored males, however, because the most frequently contacted females were never identified as mothers of the young of those males.
Den sharing.-During the mating season, intersexual den sharing, as indicated by extensive daytime contacts, was observed for both related and unrelated dyads (mean 6 SD, r 5 20.022 6 0.133; range 20.263-0.281). Den sharing was common, because 73.3% of males (n 5 11) and 55.6% of females (n 5 18) were recorded to share a den with a member of the opposite sex. Thirty-one MF dyads denned together at least once during the mating season and most dyads (n 5 23) denned together more than once, yielding a total of 180 densharing events. When all possible MF dyads were considered the number of den-sharing events per dyad varied widely, ranging from 0 to 21 with a mean of 6.8 (6 6.3) events per dyad. Partitioning MF dyads that shared a den into related (r 0.125; n 5 94) and unrelated dyads (n 5 686) revealed that only 3 (9.7%) of the 31 dyads that shared a den during the winter were composed of related individuals. Frequencies of den sharing were similar between related and unrelated dyads and neither the number of dyads that shared a den nor the number of den-sharing incidents differed significantly between unrelated (z 5 20.45, P 5 0.65) and related (z 5 0.29, P 5 0.77) dyads. Although incidents of den sharing were recorded throughout the winter, an increase (x 15 2 5 26.09, P , 0.04) in den sharing among unrelated individuals was observed during the peak mating period (early to midFebruary; Fig. 2) . Despite the regular occurrence of den sharing, none of the individuals identified by genetic analyses as having produced offspring together were found to have shared a den during the mating season.
Paternity and group membership.-Based on high rates of within-group home-range overlap and social tolerance inferred by high contact rates, we identified 2 distinct male groups, each with 4 members, within our study site during winter [2004] [2005] . Three males were classified as solitary with little home-range overlap with other males throughout the duration of our study. Contact rates for group males ranged from 11.0 to 60.3 contacts/day and in each case were significantly greater (P , 0.001 for all dyads) than expected if contacts were random. We documented 13 occasions when 3 males denned together simultaneously during the season, and these were always members of 1 social group.
Our low level of parentage assignment prohibited attempts to analyze the effect of group membership on paternity. However, we did not observe any female to mate with males from more than 1 social group. Of 8 group males only 3 were assigned as fathers to sampled offspring. Nine juveniles (50%) were assigned to fathers whose group-living status we did not know, because these males either immigrated into the area (3 instances) or were never captured and not known to live within the study area (6 instances). Only 1 solitary male was assigned paternity, but this male's contact rate with a group-living male approached significance during winter, and the dyad shared a den twice during winter, suggesting that this solitary male could have been affiliated in some way with a group. Although half of the juveniles were assigned to males whose group-living status was unknown, 88.9% of the juveniles assigned to fathers monitored by this study were known to be group-living.
DISCUSSION
One unexpected result of this study was how few parents we were able to identify through genetic analysis. We monitored raccoons in this study site regularly since 2004 and, based on recapture data and visual observations, we thought that most, if not all, adults had been captured. The paternity results, however, indicated that we had a much higher proportion of unsampled adults than expected, or that juveniles may disperse from their natal areas sooner than anticipated. In northern areas raccoons are thought to stay with their mother throughout their 1st winter (Gehrt 2003) , but perhaps young raccoons made exploratory movements outside of their natal range or dispersed earlier in our study population. We suggest that future research on raccoon paternity should not use mobile juveniles until juvenile dispersal patterns are better understood. Our study was limited by our inability to sample offspring in natal dens, and we might have missed successful matings if juveniles were lost to mortality or dispersal prior to our fall trapping. However, parentage assignment was not distributed equally among males and females, because juveniles were twice as often assigned to resident females as they were to resident males. Roy Nielsen and Nielsen (2007) also noted that more than one-half of their litters were sired by males that were not sampled in their study. Several factors could have contributed to our limited success at identifying fathers. For example, immigration by males over the course of the study might have increased the number of unsampled fathers as time progressed. Alternatively, nonresident males could have moved temporarily into the study site during the breeding season. Roaming during the peak mating period by solitary adult males has been observed for raccoons (Gehrt and Fritzell 1998) and might be a more common strategy among males than previously realized.
Although our sample size was small, we found a high rate (83.3%) of multiple paternity of litters and evidence that some (,25%) males sired young with .1 female. This suggests that the mating system of the study population could be promiscuous, because both males and females produced offspring with more than 1 mate. Roy Nielsen and Nielsen (2007) sampled 11 presumed whole litters from natal dens, 88% of which were sired by .1 male. Although their overall rate of parentage assignment was low (49%), they found that sires generally were trapped within close proximity to the females with which they produced offspring. They concluded that high population densities led to the frequent inability of males to monopolize mating opportunities with females and, thus, a genetically promiscuous mating system. High raccoon densities may underlie the high rate of multiple paternity in our study population, because the overall raccoon density within our study site (75 raccoons/km 2 - Prange et al. 2003) was much higher than typical rural populations (Gehrt 2003) .
Consortship behavior, including den sharing, has been used to determine the behavioral mating system of this species (Gehrt and Fritzell 1999) . We observed a sharp increase in den-sharing incidents between unrelated individuals that coincided with the peak of the mating season, observations that are consistent with consortship behavior (Gehrt and Fritzell 1999) . However, none of the parents identified through genetic analysis denned together during this period; therefore, den sharing is not a requirement for mating success. Despite the spike of den sharing by unrelated MF dyads during the peak mating period, we observed no significant difference between the overall proportion and frequency of den-sharing incidents during the study between closely related and unrelated MF dyads. Den sharing occurred regularly between individuals of all degrees of relatedness, suggesting that it may be a function of factors (i.e., limited den sites) other than mating relationships.
No previous study has examined the contact rates and denning behavior of mated raccoons. We found that for females, rates of contact and spatial overlap tended to be higher with the fathers of their offspring than with other monitored males. However, males interacted with many females in addition to the mothers of their offspring. We found no consistent difference in total time spent between males and the females they impregnated versus other females. These results could indicate that raccoons maintain a spatial system of polygyny while engaging in genetic promiscuity. Uncovering genetic promiscuity in species previously thought of as polygynous has become common with the growing application of genetic techniques to behavioral field studies (McEachern et al. 2009 ), and spatial associations are likely ineffective at accurately predicting genetic mating systems.
Male raccoons might form social groups (Gehrt and Fritzell 1998, 1999; Gehrt et al. 2008) or coalitions (Pitt et al. 2008) to secure access to females, and thus we had anticipated that each female would breed exclusively with 1 male coalitionary group. Although females never mated with more than 1 group of males, females bred with group members, solitary resident males, and putative nonresident males. Thus, we found no evidence of exclusive mating privileges for coalition members and suggest that it is unlikely that male coalitions form for breeding access. Alternatively, coalition formation might be less effective at high population densities because of greater opportunities for noncoalition males to mate. It seems likely that because males are unable to secure access to multiple females with short and synchronized estrous periods, particularly in high-density environments, males might rely on mutual tolerance to reduce effort and injury due to male-male competition (Olson and Blumstein 2009) .
Based on our data, we suggest that the mating system in our study population represents genetic promiscuity. If that interpretation is correct, examination of our data suggests a disconnect between social relationships and genetic parentage that warrants further study, particularly in the context of adaptive reasons for raccoon den sharing or consortship during the mating season. Similar research should focus on raccoon populations at lower densities and give greater attention to juvenile dispersal and male roaming behavior during the mating season. Because male membership in a coalition was not a predictor of fertilization success, greater attention also should be given to mutual tolerance or other mechanisms by which males might mediate reproductive competition.
